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Abstract 
After decades of lean principles implementation in manufacturing companies, there is no debate about its benefits on waste 
elimination and efficiency improvement. Service organizations, a growing stake of the global economy, are committed to achieve 
such improvements. Considering current economic scenario, marked by budget cuts and cost reduction, outstanding results are 
expected from the application of lean manufacturing into service management. However, results may not be as expected when 
trying to apply technical tools, developed for industrial processes, to intangible products. This paper intends to redefine value and 
waste concepts, focused on the inherent characteristics of service: intangibility, perishability, inseparability, variability and lack 
of ownership. Based on this approach, an analysis of customer value and customer life cycle (end-to-end process) is performed. 
Finally, lean methodologies are assessed in order to extend their applicability to service environment. These results can be useful 
to provide a practical guideline to implement lean service. 
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1. Introduction. Methodology 
The objectives of this paper consist of: 
x Establishing the potential of lean approach as a mechanism for improvement generation across a service activity 
 
 
* Corresponding author. Tel.: +34-91-336-360; fax: +34-91-336-6334. 
E-mail address: ignaciof.gonzalez@upm.es 
© 2015 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Peer-review under responsibility of the Scientific Committee of MESIC 2015
24   E. Andrés-López et al. /  Procedia Engineering  132 ( 2015 )  23 – 30 
x Formulating a model that would support such approach 
x Assessing lean techniques adapted to service activities 
A systematic review of lean service literature (articles and hand-cover books) was conducted.  It involved 
searching key words such as “lean”, “service”, “improvement methodologies” through reputed databases (i.e. Taylor 
& Francis). References of the relevant articles (based on title and abstract) are also traced to collect all possible 
articles and books. 85 articles and 11 books were read to extract conclusions related to the subject. 
2. Analysis of Service 
In the past 25 years, services have turned to be the essential driver of Europe’s economy accounting about 70% 
of Europe’s GDP. In US, the tertiary activity is even larger: 80% of US’ GDP. Hence, service sector could be 
considered the source of future economic growth, thus substantial improvements in productivity could act as a 
trigger for the development of the tertiary and could ensure lasting economic stability. [4] 
In this scenario, lean manufacturing is gradually leaping from manufacturing systems to tertiary sector. 
Unfortunately, the successful transfer from theory to a practical approach represents a challenge, due to the deep 
change of operating mentality required for the application of lean thinking in the service field. The present paper 
aims to develop a practical guide to integrate lean principles in a framework that addresses the challenges of service 
environment, free from manufacturing dogmas. 
A proper approach to service activities must include a clear understanding of service and its inherent 
characteristics. Service can be defined as a set of one time consumable and perishable benefits delivered by a service 
provider commissioned to the consumer needs, which are consumed and utilized by the triggering service consumer 
[7]. 
The majority of sources agree upon the following key characteristics of services: 
x Intangibility: The quality of a service is based on customer’s feelings and expectations. 
x Inseparability: The service’s generation and consumption occur simultaneously. 
x Variability and Heterogeneity: Transformed resources are information, concepts and ideas. Variability 
results in the lack of a consistent, homogeneous and repetitive quality level. 
x Perishability: Services cannot be produced and stored to be sold at a later stage. 
x Lack of ownership 
3. Developing a Conceptual Model for Lean Service 
Most of lean methodologies refer to manufacturing industry, where a tangible product exists. Within service 
environments, although there is engagement with the principles of lean, many of the techniques used in 
manufacturing context are not immediately applicable. Thus, lean concepts and methods must be reassessed before 
their application into service processes. The main purpose of the present section is to achieve a model for Lean 
Service, ensuring its applicability to service activities. This model is organized in five steps, represented in Fig. 1: 
x Definition of Lean Service Principles 
x Customer Role in Service 
x Determination of Waste in Service 
x Implementation: Assessment of Lean Service Methodologies 
x Lean Service Model Validation: Results monitoring & Continuous Improvement 
In addition, the model is divided in two cycles: conceptual cycle and practical cycle. The conceptual cycle 
ensures an adequate performance of the leap from lean manufacturing to lean service, considering service inherent 
characteristics and the customer role as co-creator in the service process. The practical cycle ensures that the 
conceptual cycle is implemented into useful objectives, consistent with lean thinking. 
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Fig. 1. Lean Service Conceptual Model 
3.1. Definition of Lean Service Principles 
Lean Service Principles may consider the same five fundamental principles, as these concepts, being moderately 
abstract, are not exclusively applicable to manufacturing: 
x Specify what creates value: Value can be considered in service environment as the need that the service can cover 
for the end-customer. Thus, it must be defined by the customer. 
x Identify the value stream: In service, value is primarily created by customer needs, therefore, the stream value is 
constituted by the activities sequence that enables their satisfaction. 
x Flow: It focuses on the optimization of the continuous movement through the sequence of service activities that 
generates value, as perceived by the customer. 
x Pull: In a service environment pull means to distribute the customer demand all along the value stream, 
delivering only what is actually demanded by the customer. 
x Strain for perfection: Its translation to service must be focused on the customer perspective delivering exactly 
what the customer wants, exactly when he wants it. 
3.2. Customer Role in Service: Value and Service Quality 
Lean service emphasizes the active role of the customer, integrating the customer into the service creation. The 
customer participates in the production process, as represented in Fig. 2. This presence of the customer in the service 
delivery system brings an element that is totally new to manufacturing operations: customers transform their role in 
the value network, being a value stream creation partner. 
 
 
 
Fig. 2. Integration of the customer into the service creation. [4] 
As mentioned previously, in service activities, value must be defined by the customer. Customer expectations and 
satisfaction are highly subjective, not measurable through indicators, in contrast to manufacturing environment. 
Service Quality is the extent of alignment between customer’s expectations and their perceptions of provided 
service. Quality is an experience. Hence, the concept of co-creation should be linked to service operation 
management, integrating customer as an input being transformed by the service process into an output with some 
degree of satisfaction. [1, 4] 
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3.3. Determination of Waste in Service 
Waste determination in service may be complex considering that the operations are intangible. In addition, new 
wastes can be formulated, apart from the traditional ones. Thus, one of the major challenges in service organizations 
is developing the ability to recognize waste, through the analysis of the customer experience. 
x Overproduction: Completion of more work than needed or prior to its being demanded by customer. 
x Delay: Delays in terms of employees or customers waiting for information or service delivery. 
x Unneeded Transport or Movement: Needless, non-adding-value movement of resources (people or items), 
physical (from office to office) or virtual (methods, approaches, paths or tools for performing the same work). 
x Over-Quality, Duplication: Activities or processes that do not add value as perceived by customers. They do not 
answer to a real need, adding more value to the service than the one customers are willing to pay for. Design or 
build a work that presents oversized performance if compared with real demand. 
x Excessive Variation, Lack of Standardization: Lack of standardization in the offer or processes, procedures, 
formats, including expired or outdated with no standard time defined. 
x Failure Demand, Lack of Customer’s Focus: Any aspect of a service that fails to conform to customer’s 
expectations or needs, which results in miscommunication and/or opportunity lost. 
x Underutilized resources: Waste of resources, especially human potential, not leveraging employee’s talent and 
potential, under-using their skills, creative abilities and knowledge. 
x Manager’s Resistance to Change: “Saying no” attitude from the management, not encouraging all employees to 
get involved in the continuous improvement process. 
Table 1 collects the previously defined wastes (muda), comparing them to their analogue wastes in 
manufacturing environment. Examples and possible root causes of the former are also included. 
Table 1. Manufacturing and Service types of muda 
Service Manufacturing analogy Example Root cause 
1. Overproduction Overproduction Processing items before being 
required 
Poor planning 
2. Delay Waiting Pending requests 
Delayed information provisions 
Poor coordination 
3. Un-needed transport or 
movement 
Motion  
Transport 
Looking for data and information 
Excessive e-mail attachments 
Poor office housekeeping 
Outdated work habits 
4. Over-quality, duplication Over-processing Repeated details on forms Excessive bureaucracy 
5. Lack of standardization Inventory Fluctuating lead times Demand fluctuations 
6. Failure Demand 
Lack of customer’s focus 
Obsolescence or Inadequacy 
Loss of opportunity 
Miscommunication 
Defects  
Poor attention to the customer 
Error, incomplete work in service 
transaction 
 
Lack of motivation 
 
Unclear workflow 
7. Under-utilized resources  Limited responsibility Manager’s resistance to change 
8. Manager’s resistance to change Manager’s resistance to 
change 
Rejected suggestions Belief of “Saying no” attitude 
is safer 
4. Reassessment of Lean Methodologies in Service Activities 
A six-stage process is suggested as a guideline to implement the practical cycle of Lean Service. Fig. 3 collects 
these stages. Those lean methodologies (new or reassessed) applicable to service activities are also included. The 
mentioned methods are briefly described below. 
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Some tools, such as SMED (Single Minute Exchange of Die) quick changeover methods or TPM (Total Product 
Maintenance) have not been included, not being considered applicable to Lean Service. 
 
 
 
Fig. 3. Stages and Methodologies in Lean Service Implementation 
x Service Value Stream Management (SVSM): The Service Value Stream Management (SVSM) enables to spot the 
criticalities of a service and enhance its performance [3]. SVSM has been specifically modified to tailor the needs 
of pure services, where the lack of process visibility and ownership make the concepts of value stream and waste 
elimination less tangible. The SVSM follows the following steps: 
x Commit to lean 
x Learn about lean 
x VSM planning: Choose the value stream to be improved (i.e. a frequently requested service) 
x Current state map (using a new set of icons to meet the needing of the service industry) 
x Lean service tools: Identify the impact of waste and set the target for the improvements 
x Future state map: Focus on Demand, Flow and Levelling 
x Performance comparison 
x Implementation Plan 
x 5S: To improve quality perceived by the customers, 5S methodology in service activities must emphasize its 
implementation in areas with contact with customers. For a successful 5S application in a service organization a 
cross-functional team of operators should consider both general housekeeping (all office activities) and IT. 
x Standardization: It consists of defining the best methods and sequences to optimize efficiency and minimize 
waste by reducing variation. The standardization of the service processes must cover: 
x Performance (clear awareness of the intended quality and performance at what cost) 
x Identify key processes in the service organization 
x Sequence of steps  
x Specific, deep knowledge (breaking high-level steps into more detailed steps, highlighting what is important 
to succeed at one given step) 
x Generate standard operating procedures 
x Visual Management: Considering that service processes are not physically observable, visual management is 
essential for developing work standards and creating a visual environment, useful as a guidance for process 
activities. Out-of-standard conditions are thus highlighted by a number of visual techniques, such as charts posted 
at the workplace or attached coloured sheets to bring attention to their presence. Clear visual standards allow to 
distinguish normal from abnormal situations. 
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x Jidoka & Error Proofing: Jidoka’s application to service environments should entail alert systems which detect 
failures in service and stop its supply whenever this occurs. Error proofing devices, such as POKA-YOKE have a 
low degree of application due to intangible nature of service activities, but they can be understood as part of the 
Jidoka concept mentioned above. 
x Heijunka: Heijunka’s transferability to service activities can be carried out taking into account that services also 
can be grouped into service families, distinguished by similar complexity and similar process steps. Thus, the 
concept of service takt time, defined as the period of time to complete one service execution to meet average 
demand [2], should be adapted to the individual nature of each family.  
x Pull System & Kanban: Pull system application to service activities consists of adapting service to customer 
demand. This could be achieved allowing the customer to pull the service through service request, service 
catalogue and the lifecycle of the service provision. Kanban methods can be redefined within the IT environment, 
as a system to monitor the processes. 
x Key Performance Indicator (KPI): The development of KPIs is possible through the analysis of data gathered 
during SVSM. They can be divided in operational (to quantify the characteristics of the service activity 
processes), customer (to evidence the impact of operational performance on the customer) and commercial KPIs 
(to show the impact of service activity performance on the business). [9] Improvements in operational indicators 
should result in better service to the customer. Subsequently, improvements in customer indicators should 
improve commercial performance. The first two indicators can be useful for the top management to link 
operational improvements and customer and commercial imperatives. 
x Organizational Restructuring: The organizational restructuring involves the management commitment and 
effective communication of management strategies. The target is to encourage all employees in the improvement 
processes and the suggestion system. It addresses the following needs: [6]  
x To link improvement activities strongly to strategy 
x To view the service organization as a single entity 
x To integrate improvement actions across the entire service organization 
x To focus on the end customer 
x To develop effective performance measurement systems 
x To incorporate variation reduction into any improvement approach for maximum effect 
x Dojo & Quality Circles: Dojo is a training method in lean environments which consists of the knowledge share 
through all employees, encouraging their multi-skill capabilities. Quality circles encourage employees to improve 
service activities through their own proposals. 
x Knowledge Share: Some knowledge share tools are: creation of knowledge databases (CRM or PLM); 
demonstrations and simulations; checklists, matrix and flowcharts to guide in decision-making and data finding; 
sharing team events (team sessions, internal conferences, sessions with senior experts). 
x Suggestion System [5]: The suggestion system encourages employee development, increasing problem awareness 
and problem solving abilities. Suggestion system results in a permanent questioning of current practices and 
enables the service organization’s staff to bring suggestions for continuous improvement. This is an essential tool 
for the development of employee ability to visualize new ways to perform their jobs, consistent with the overall 
objectives of the company. 
x Use of IT for Customer Integration: IT platforms can be used to integrate the customer in the service process, 
involving him in service production. [1] Rearranging services in a virtual environment can encourage the 
customers to express their needs and to provide quality feedback from this system. 
x Hoshin Kanri: This management method enables to align company goals (Strategy) with middle management 
planning (Tactics) and staff work (Operations), to ensure every member of the organization pulls in the same 
direction, eliminating the waste of inconsistent direction and poor communication. It must be focused on 
achieving strategic goals while meeting operational requirements on a daily basis. 
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x Kaizen & PDCA: Kaizen is a standard lean methodology for team-based improvement of processes, which 
includes structured methods to look for improvements, define suggestions, eliminate waste, triggering and 
implement chosen ideas, receive feedback and measure their effects. Kaizen tools applied to service activities 
must not be mainly focused on internal processes, but on customer focused perspective by including the customer 
in Kaizen system’s view. This involves close customer contact, prioritizing the satisfaction end customer. PDCA 
(Plan, Do, Check, Act) is an approach conceived by Shewhart to disciplined problem solving, identifying the root 
cause. 
x Six Sigma & DMAIC: Six Sigma is applied to describe and measure performance of any type of process. Applied 
to service activities, Six Sigma must be supported on deep understanding of customer satisfaction, meticulous use 
of data, and statistical analysis. It enables attention to managing, continuous improvement, and reengineering 
business processes. DMAIC (define, measure, analyse, improve, control) process consists of a guide for the 
problem-solving and the selection of improvement tools. [8] 
 
Fig. 4 collects a summary of the described methodologies, including the main type of wastes which are removed 
or reduced through them, and their applicability related to the type of service. It can be observed that all wastes 
considered in previous sections are involved, so the implementation of the practical cycle could be considered 
successful. In addition, regarding to the type of service applicability, it must be highlighted that this classification 
must be understood as a general rule. Therefore, exemptions can be found. 
METHODOLOGY 
REDUCED/REMOVED WASTES CUSTOMER INTERACTION / REPETITIVENESS 
1 2 3 4 5 6 7 8 LOW/ LOW LOW/HIGH HIGH/ LOW HIGH/HIGH 
SVSM             
5S             
Standardization             
Visual Management             
Jidoka & Error Proofing             
Heijunka             
Pull System & Kanban             
KPI             
Organizational Restructuring             
Dojo & Quality Circles             
Knowledge Share             
Suggestion System             
IT in Customer Integration             
Hoshin Kanri             
Kaizen & PDCA             
Six Sigma & DMAIC             
Fig. 4. Lean Service Methodologies, Reduced Wastes and Service Type Applicability 
5. Model Validation: Links from Conceptual to Practical Cycle 
Previous sections are mainly focused on the conceptual development of Lean service. Therefore, a case study is 
strongly recommended for the final validation of Lean Service Model, as it has been described in Section 3. This 
section provides the suggested approach to perform it, taking SVSM as starting point. 
A study case has been carried out in a service activity with high customer interaction and low repetitiveness, such 
as processes in higher education. This first scenario includes the administrative processes related to a particular 
subject of a specific University Department. 
The trained project team, within the necessary supportive environment, has started through SVSM, preparing the 
Current State Map which has provided a comprehensive view of this University Process, and the initial diagnosis, 
identifying the weakest points and necessary changes to be introduced to reduce high variability and waste. The 
Future State Map shows the tools to be implemented (Refer to Figure 5). For the related service, the necessary 
essential tools detected by SVSM are: 5S, Standardization, Suggestion System, IT in Customer Integration and 
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Hoshin Kanri. As it can be confirmed in Fig. 4, these are the expected ones for this type of service, with high 
customer interaction and low repetitiveness. 
From this point, the mentioned Lean Service tools and solutions, identified by SVSM, will be implemented. 
Through case studies such as the one above and other related to the rest of service types, the model is validated and 
retrofitted. 
 
 
 
 
 
 
 
 
Figure 5: (a) SVSM Current map and (b) SVSM Future map 
6. Conclusions and Further Research 
Service industry can benefit from the application of lean philosophy through the increase of organizational 
competitiveness and customer satisfaction, and the reduction of process variability and wastes. The analysis carried 
throughout this paper shows that the introduction of lean principles in any service activity must begin with a deep 
understanding of service inherent aspects and close knowledge of customer value. 
From this point of view, the present article represents an effort to achieve a Lean Service Model aligned with 
service mentioned characteristics, taking also into account the customer role in the co-creation of a service. This 
model has been divided in the conceptual cycle and the practical cycle. Throughout the conceptual cycle, the main 
principles and wastes of lean philosophy have been redefined, ensuring its applicability to service activities. 
Subsequently, a methodology to implement the practical cycle has been developed.  
This methodology consists of a practical guideline for the introduction of lean philosophy in service 
organizations. The reassessment of lean tools for service environments constitutes the main contribution of the 
present paper report. A case study has been carried out, based on the key points analysed in Section 4, in order to 
obtain an empiric contrast, thus validating the model and enriching the methodology. Hence, the contributions are 
both theoretical and practical. 
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